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(54) Dot mark reading apparatus and reading method 



(57) By irradiating a dot mark formation surface 
whose center portion is protruded with light obliquely 
from above or from just above, its irregularly reflected 
light is received by a CCD camera (18) disposed just 
above or obliquely above the irradiation surface. Image 
information sent from the CCD camera (18) is subjected 
to image processing so as to read the dot mark as a 
very bright spot. Consequently, the brightest spot of the 
reflected light can be recognized as a dot mark forma- 
tion position easily and securely for a long time with a 
simple image processing. Further, a gap between 

FIG. 



respective dots can be reduced as compared to the 
conventional ones. In case where the aforementioned 
mark is minute, and the mark is formed on an inner face 
of a notch portion or peripheral face of a semiconductor 
wafer (W), the marks on all the wafers (W) can be read 
out while the plural semiconductor wafers (W) are 
accommodated in the cassette (11). Consequently, it is 
possible to read a dot mark having a peculiar shape 
whose part is protruded and to secure the visibility by 
the dot mark reading apparatus and method. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an appara- 
tus and a method for reading minute dot marks formed 
in a predetermined region of a semiconductor wafer or 
metal surface, and more particularly to a reading appa- 
ratus and a reading method preferable for dot marks 
each having a protrusion from the semiconductor wafer 
surface or metal surface. 

2. Description of the Related Art 

[0002] In semiconductor manufacturing processes, 
it is necessary to set various and strict manufacturing 
parameters for each process. In order to control the 
parameters, a mark such as numeral, character, or bar 
code is displayed by dots on the surface of a part of a 
semiconductor wafer. The number of manufacturing 
processes of a semiconductor is 100 or more and, 
moreover, a number of element forming processes and 
planarization processes are performed in each process. 
The processes include, for example, resist application, 
projection of a pattern onto a resist in a reducing man- 
ner, resist development, and planarization of various 
films such as an insulating film and a metal film for filling 
a gap which occurs by copper wiring or the like. 
[0003] The mark made by the above-described dots 
is generally formed by irradiating the surface of a part of 
a semiconductor wafer with a continuous pulse laser 
beam through an optical system. The marking is not lim- 
ited to once. In order to show historical characteristics of 
manufacturing processes, minimum historical data 
required In the manufacturing processes is usually 
marked. Since the marking area on the semiconductor 
wafer is, however, limited to an extremely narrow region, 
the size of the dot and the number of dots to be marked 
are accordingly limited. The marking area, the size of a 
dot, and the number of dots are specified by the SEMI 
standard and the like. 

[0004] As disclosed in, for example, Japanese Laid- 
Open Patent Publication No. 2-299216, information of a 
semiconductor wafer on which the dot marking is per- 
formed is read as a change in reflectance of an emitted 
laser beam of an He-Ne laser or a change in vibration of 
a heat wave of an ordinary laser beam. On the basis of 
the read Information, various manufacturing parameters 
in subsequent manufacturing processes are set. When 
the information is not accurately read and is read erro- 
neously, therefore, all of semiconductor wafers become 
defective except for a coincidence. One of the factors of 
the unclearness is a small depth of the dot forming the 
mark. When the depth of the dot is small, the dot is bur- 
ied by the above-mentioned formed film, so that the dot 
reading becomes impossible. Therefore, the dot needs 



to be so deep that it can be read clearly. 
[0005] In order to obtain a certain depth of the dot, 
usually, a part of the semiconductor wafer is formed by 
melting and removing a part of the semiconductor wafer 

5 in a spot state with irradiation of a laser beam of a large 
energy so as to obtain a required dot depth. In this case, 
not only the dot size is expanded, but also the melted 
and removed substances are piled around the dot or 
scattered and adhered to the peripheral portion of the 

w dot, and it may prevent element formation and exerts a 
large influence on the quality. Further, in case of dot 
marking performed by a YAG laser, due to the particu- 
larity of the YAG laser or the Q switch operation, a fluc- 
tuation is apt to occur in a laser output and a variation 

15 occurs in the depth or the size of a dot. 

[0006] In order to solve the problems, for example, 
as disclosed in Japanese Laid-Open Patent Publication 
No. 59-84515 and 2-205281, the same point is repeat- 
edly irradiated with a pulse laser beam of a relatively 

20 small energy. In the former Publication, in order to form 
a dot mark, while sequentially reducing the dot diameter 
pulse by pulse in order, the same point is repeatedly 
irradiated with a laser beam, thereby forming a deep 
dot. In the latter Publication, the frequency of a laser 

25 pulse of the first time is set to 1 kHz or lower and the fre- 
quency of a laser pulse subsequently emitted is set to a 
high repetitive frequency of 2 to 5 kHz to thereby form a 
dot having a depth of 0.5 to 1 .0 jam or 1 .0 to 1 .5 fim. 
[0007] To improve visibility of the dot, in addition to 

30 making the dot mark deep, a bottom surface of the dot 
mark in the surface of the semiconductor, for example, 
is formed uneven. As a result, light irradiated into an 
interior of the dot mark is reflected irregularly so as to 
decrease the brightness of an opening surface of the 

35 dot mark with respect to the surrounding of the dot 
mark, thereby clarifying brightness and darkness. 
[0008] It is certain that one of the causes for unclear 
reading of the dot mark (hereinbelow called visibility) 
formed by by means of punching is the depth of the dot 

40 hole as described above. However, even when the dot is 
formed deep enough, in the case where a diameter of 
the opening of the hole is large or the dot depth is small 
relative to the hole diameter, the hole diameter is 
expanded even when a sufficient laser beam for obtain- 

45 ing a desired depth is projected and at the same time, 
the interior of the hole is entirely turned to a smooth 
curved face. As a result, a great deal of scattered lights 
are generated, only if the focal point of an objective lens 
installed on the reading apparatus is set to a bottom sur- 

so face of the dot mark as in an ordinary manner. Thus, the 
above-mentioned reading means for reading with paral- 
lel reflecting lights may not be capable of distinguishing 
a difference between the dot mark and its surrounding. 
[0009] On the other hand, in the above publication 

55 of Japanese Patent Laid-Open Publication No. 2- 
205281 , although the dot depth is specifically described 
as 0.5 to 1 .0 ^im or 1 .0 to 1 .5 urn, the diameter of the dot 
is not described at all, and the shape of the dot is merely 
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described as a Gaussian shape. 
[0010] tn the disclosure of Japanese Laid-Open 
Patent Publication No. 59-84515, since it is described 
that the diameter of the dot opening of the first time is 
100 to 200 urn and the depth is 1 urn or less and, spe- 
cifically, the laser beam is emitted four times, the depth 
of the dot in this case is at most 3 to 4 |im. In the draw- 
ings of the publication, the shape of the dot formed at a 
time is similar to the Gaussian shape. 
[001 1 ] It can be therefore considered that dots each 
having a required depth, whose sizes are uniform to a 
certain degree are formed by any of the marking meth- 
ods disclosed in the above publications. The shape of 
the formed dot is, however, like a conventional shape 
and the diameter with respect to the depth is extremely 
large. Thus the visibility still lacks certainty. Since the 
reduction in size (diameter) of the dot to be formed is 
not disclosed in view of the above-mentioned publica- 
tions, the disclosure does not intend to change the con- 
ventional dimension. The numerical values at the 
present time which are specified by, for instance, the 
SEMI standard are simply used. A substantial large 
increase in the number of dots and the dot forming area 
cannot be therefore expected. 

[0012] As far as the dot marks are given to a 
processing surface of the integrated circuit as described 
above, it is not guaranteed that the above-described vis- 
ibility of the dot mark is maintained even in an margin 
area. The reason is that the processing surface of the 
integrated circuit of the semiconductor wafer is more dif- 
ficult to control than the other portions because as 
described above, diversified film formation processes 
and partial film removing processes are repeated, and 
especially a peripheral portion of the wafer is gripped or 
released repeatedly. Thus, the dot marks are buried by 
the film when it is formed or removed, or the mark depth 
is decreased because the film removal is carried out 
excessively. Consequently, the visibility tends to 
decrease each time when the multiple processings are 
carried out. 

[0013] However, when the dot mark is formed in a 
smaller size than the conventional one, it is substantially 
difficult to form a deep hole with respect to the diameter 
thereof, thus the shape of the dot mark needs to be con- 
sidered further. Particularly, the dot mark needs to be 
formed as small as possible and its visibility needs to be 
secured sufficiently. 

[0014] Such a problem is related to not only the vis- 
ibility of the dot marking to be formed in a surface of a 
semiconductor wafer, but also other minute electronic 
parts and mechanical parts in which marking is carried 
out by photolithography, etching, marking, or the like. 

SUMMARY OF THE INVENTION 

[0015] Accordingly, the present invention has been 
achieved to solve such conventional problems and 
therefore, it is an object of the Invention to provide a dot 



mark reading apparatus and method capable of secur- 
ing visibility of a minute dot mark, whose visibility cannot 
be estimated according to the conventional art, as well 
as that of dot marks of an ordinary size. 

5 [0016] The dot marking on the conventional semi- 
conductor wafer is carried out on a peripheral portion of 
the surface of thereof or a back surface thereof as 
described above. However, because the semiconductor 
wafer is gripped or released repeatedly in respective 

10 processes of the semiconductor element as described 
above, the peripheral portion is likely to be affected by 
various factors. Because the processing on a central 
portion of the wafer surface in which the element is to be 
formed Is subjected to strict control, the configuration of 

15 the wafer surface Is stabilized even after multiple proc- 
esses are finished in formation or removal of various 
films as described above. However, the peripheral por- 
tion of the wafer is gripped mechanically or by suction, 
and therefore, film formation amount or film removal 

20 amount in that region, for example, cannot be controlled 
strictly. 

[0017] Therefore, in case where the dot mark is 
formed by laser marking, film is accumulated in the dot 
hole so that the film on the dot bottom is likely to be 

25 thick. If the film removal amount is too large, the wafer 
body around the dot hole is scraped, so that the dot 
depth is decreased. Consequently, the visibility 
decreases as described above. This is not limited to a 
dot mark formed by laser beam but the same thing can 

30 happen to the dot mark formed by photolithography or 
etching. 

[0018] Thus, the inventors of the present invention 
considered that if the dot mark could be formed in a 
center of the semiconductor wafer which was an ele- 

35 ment formation region having the least change in the 
surface condition, the visibility was easy to secure. 
However, it is impossible to form the dot mark directly in 
the semiconductor element formation region. Particu- 
larly, a region to which the inventors pay attention is a 

40 scribe line which is a cutting region for cutting a semi- 
conductor wafer into a unit of element. Because the 
scribe line is controlled strictly in respective processes 
of integrated circuit manufacturing as described above, 
it is maintained in such a state that is very similar to an 

45 exposed silicone. Thus, this scribe line can be consid- 
eredto be an ideal place for the dot marking region. 
[001 9] As a result of accumulated considerations by 
the inventors of the present invention, it has been found 
that there is a marking region which enables effective 

so reading without an influence on the semiconductor 
wafer from outside due to transportation or moving and 
in which a surface condition thereof is not changed 
much. Although the scribe line is an ideal portion as the 
dot marking region as described above, when the dot 

55 mark is read out, the semiconductor wafer has to be 
taken out of the cassette and set on a reading table. 
Although pollution on the semiconductor wafer is not 
conspicuous because usually these operations are car- 
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ried out by a robot, the frequency of taking out and into 
the cassette is desired to be minimum. 
[0020] As a result of investigation for a new region 
which can be marked of the semiconductor wafer in 
considerations of these points, there has been found a 
region preferable for marking, in which a state similar to 
an exposed silicone is always maintained and which 
can be read out in a state that the wafer is accommo- 
dated in a wafer cassette. 

[0021] An ordinary wafer cassette is constructed of 
a plastic case which contains a plurality of wafers in par- 
allel on multiple stages with a predetermined gap allow- 
ing a hand portion of a robot to be inserted in and 
removed from. There is an opening for wafer insertion 
and removal in the same case, so that a part of the 
peripheral face of the semiconductor wafer accommo- 
dated in the cassette is exposed outside through the 
aforementioned insertion and removal opening. Thus, if 
the dot mark can be formed in that exposed portion, the 
dot mark can be read out with the semiconductor wafers 
being accommodated in the cassette. The Inventors of 
the present invention also paid attention to the exposed 
portion. 

[0022] The peripheral faces of front and rear sur- 
faces of the semiconductor wafer are chamfered. If the 
dot marks can be formed in a chamfered portion or the 
peripheral face between the front and rear surfaces, 
these portions are preferable as a marking region in 
every viewpoint. As a result of further Investigation, it 
was considered that the target face is an Inner face of a 
notch cut out in the peripheral face of the wafer in a sub- 
stantially V shape, it can be a more preferable marking 
region than the chamfered portion and peripheral face. 
If a desired number of the dot marks are formed in such 
a narrow region, however, the marking amount 
becomes very small in a case where a conventional dot 
mark of 100 to 200 in diameter is employed. Specif- 
ically because not only character information composed 
of 2D code but also a large amount of data can be input, 
the dot marks to be marked on the aforementioned 
region must be reduced extremely with respect to the 
conventional one. 

[0023] If the minute dot marks can be formed in the 
scribe line or marking region of the peripheral face of 
the wafer, a conventionally unestimated great advan- 
tage, which will be described, can be expected. That is, 
the quantity of the dot marks which can be formed in the 
marking region increases much more than the conven- 
tional one, so that the 2D code can be used freely. Fur- 
ther, the quantity of information bytes can be increased 
regardless of whether it is 1 D code or 2D code. Further, 
the same Information can be written not only once but 
also twice or three times. 

[0024] As a result of detailed consideration and 
analysis on the conventional various types of the dot 
marking apparatus, methods and dot configurations, the 
inventors of the present invention have found that major 
factors for securing an excellent visibility relative to the 



dot mark of minute size are dot configuration and char- 
acteristic of the reflected light based on that configura- 
tion. Further, without employing the conventional dot 
configuration, it has been found that only if at least a 

5 part of the dot mark is protruded from a mark formation 
surface, a sufficient visibility can be secured, and further 
that the visibility is not affected even when the gap 
between the marks is decreased. 
[0025] Even when the conventional method is 

w applied to the dot mark formed by laser beam, the dot 
mark having a minute size and ideal protruded configu- 
ration cannot be obtained. As an example of a special 
method, it can be considered to use a minute marking 
apparatus comprising a laser oscillator, a beam homog- 

15 enizer for homogenizing an energy distribution of laser 
beam projected from the laser oscillator, a liquid crystal 
mask controlled so as to allow the laser beam to pass 
through/not pass through depending on an indication of 
a pattern, a beam profile converting means for forming 

20 and converting energy density distribution of the laser 
beam to a desired distribution shape for each dot corre- 
sponding to a pixel of the liquid crystal mask, and a lens 
unit for making image formation of a transmission beam 
of the liquid crystal mask on the surface of the semicon- 

25 ductor wafer for each dot. 

[0026] The energy distribution of the laser beam 
emitted from the pulse laser oscillator is homogenized 
by the beam homogenizer and the liquid crystal mask in 
which the maximum length of a pixel is 50 to 2,000 |im 

30 is driven so as to form a desired pattern. Then, a laser 
beam whose energy distribution is homogenized by the 
beam homogenizer is projected to the liquid crystal 
mask. The laser beam for each dot passing through the 
liquid crystal mask is condensed to 1 to 15 jam in maxi- 

35 mum length of one dot by the lens unit and make image 
formation on the surface of the semiconductor wafer. 
[0027] The aforementioned semiconductor wafer 
includes not only a silicone wafer by itself but also 
wafers coated with oxide film (Si0 2 ) or nitride film (SiN), 

40 wafer subjected to epitaxial growth, wafers having a sur- 
face formed of gallium arsenate, indium phosphorous 
compound. 

[0028] As for the visibility of an ordinary dot mark, it 
can be understood easily that the visibility is high in a 

45 case where there is a large difference in light reflection 
direction and reflection amount between the dot mark 
and its surrounding. Thus, if the dot hole is deep relative 
to the diameter of the opening as described above, the 
visibility is increased. Since an incident light at a prede- 

50 termined angle into the dot hole is reflected irregularly 
not in uniform directions but in diversified directions, 
reflected light emitted from the hole opening decreases. 
When it is assumed that the surrounding portion of the 
hole is of smooth surface, reflected light by the sur- 

55 rounding portion is reflected in a predetermined direc- 
tion, so that the brightness is intensified. When a 
difference in brightness is high, the visibility can be also 
high. 
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[0029] However, it is very difficult to increase a 
depth of the dot mark relative to the diameter of the dot 
hole to form a dot mark whose maximum width is 1 to 1 5 
urn. Because such a dot mark is difficult to form, it is 
desirable to secure visibility with a dot configuration, 
which is easier. 

[0030] As a result of accelerated considerations 
and experiments, the inventors found that when light is 
projected obliquely from above to the protrusion and its 
surrounding, and light reflected irregularly by that irradi- 
ation surface is received by an image receiver, the 
brightness at a vertex of the protrusion is extremely 
higher than that of the surrounding. If parallel coherent 
light is projected to the dot mark composed of a conven- 
tional hole configuration in order to read the dot mark by 
that reflected light, the hole portion in the center is black 
while the surrounding changes continuously from a ring- 
like bright portion to brighter portion. Further, while a 
swollen portion on the ring around the hole generates 
shade, so that the dot is difficult to recognize due to the 
difference of brightness. If light is projected to the dot 
mark swollen from the light irradiation surface so as to 
read the dot mark by the scattered light, the vertex of 
the dot mark shines with a high brightness around a 
point, so that the difference of brightness relative to the 
surrounding increases extremely. A number of experi- 
ments were conducted on a premise that an existence 
of the dot mark would be recognized securely even 
when the dot is minute. 

[0031] FIGS. 12 and 13 illustrate a typical shape 
and arrangement of dot marks formed by the method of 
the invention. Fig. 12 is a stereoscopic view observed 
by an AFM and Fig. 13 is a cross section thereof. 
According to this embodiment, the shape of each dot 
mark formed on the surface of the semiconductor wafer 
W is a square of 3.6 jam and the interval between neigh- 
boring dots is 4.5 urn. As understood from the diagrams, 
almost conical-shaped dot marks each formed by a 
laser beam split in correspondence with each of pixels 
of the liquid crystal mask 4 are formed on the surface of 
the semiconductor wafer W. Moreover, the dot marks of 
11 x 10 are arranged in order and their heights are 
almost the same. This is because the energy distribu- 
tion of the laser beam emitted to the liquid crystal mask 
4 is homogenized by the beam homogenizer 3. 
[0032] The dimension of the microdot mark accord- 
ing to the invention is as described above. That is, the 
maximum length along the surface of the semiconduc- 
tor wafer to be marked is 1 to 1 5 urn and the height of 
the protrusion is 0.01 to 5 urn. The values are obtained 
by various experiments and are within the range from 
the minimum to the maximum necessary to assure the 
limit of the visibility of an existing optical sensor and the 
degree of freedom of the marking area. 
[0033] FIGS. 5 and 6 show dot configurations which 
can be obtained when a laser beam pulse is changed if 
the diameter of the dot to be irradiated on the surface of 
the semiconductor wafer is 7.2 jim and the energy den- 



sity of the laser beam is 1.19. 1.42 (J/cm 2 ) under the 
marking condition described below. 

Laser medium: Nd, YAG laser 
5 Laser wavelength: 532nm 

Mode: TEM00 

Average output: 4W @ 1 KHz 
Pulse width: 100ns @ 1KHz 

w [0034] Laser beam for use includes second har- 
monic from the YAG laser oscillator or YV04 laser oscil- 
lator, and laser beam from a titan sapphire laser 
oscillator or the like. 

[0035] As shown in FIGS. 5 and 6, although an 

15 annular concave portion is provided in the surrounding, 
the center portion is protruded high so that a substan- 
tially conical shaped portion is produced. A difference of 
brightness relative to the surrounding is high and it can 
be understood that a sufficient visibility is secured. The 

20 dot mark shown in FIG. 7 has a conventional hole con- 
figuration. Despite it has the same dot width as the dot 
mark shown in FIGS. 5 and 6, the energy density is 
0.96(<10) J/cm 2 . Therefore, the center portion has a 
large concave portion and a difference in height at the 

25 uneven potion is much smaller than the aforementioned 
dot mark, so that the visibility is inferior. 
[0036] According to the present invention, a method 
of reading a change in reflectance by laser beam irradi- 
ation as the conventional example may be employed, a 

30 change in transmission light by X-ray irradiation can be 
read for example. However, it is preferable to irradiate 
with ordinary visible light and receive a light reflected by 
an optical reflection surface of the dot mark through an 
objective lens. The light emitted from a light source is 

35 projected to the dot mark formation surface through an 
optical system. This irradiated light is reflected by the 
reflection surface of the dot mark and the scattered light 
by the vertex of the dot mark having a protruded shape 
is converged and received by an image receiver. As for 

40 the distribution of the amount of light received by the 
image receiver, the amount of light scattered by the dot 
mark is much larger than the amount of light reflected by 
the surrounding of the mark. Therefore, the scattered 
light can be distinguished from the other reflected lights 

45 sufficiently even in a subsequent image processing, so 
that the dot marks can be read out accurately. 
[0037] Here, a numerical aperture of the objective 
lens is preferred to be 0.1 or less. If the numerical aper- 
ture of the objective lens comes near 0.13, a field of 

so vision widens so that image processing accuracy drops 
slightly though position adjustment of a reading objec- 
tive region is facilitated. However, the dot mark having a 
particular shape which the present invention employs 
has an extremely large difference in brightness relative 

55 to the surrounding. Therefore, it has no any special dis- 
advantage in practical use for reading a light bright point 
concentrated to a center position of the dot mark. Even 
if the numeral aperture of the objective lens is less than 
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0.1 so that the focal depth is too large, the dot mark can 
be recognized in a wide region because the difference 
in brightness between the light reflected by the surface 
of the reading object and the light scattered by the sur- 
face of the dot mark. 

[0038] The electromagnetic wave in the present 
invention includes infrared ray and X-ray as well as visi- 
ble light having ordinary wave length. For reading infra- 
red ray, an infrared ray camera is employed as its image 
receiver. Taking advantage of a phenomenon that ther- 
mal capacity of the swollen portion is larger than that of 
the other flat portion, it can be read securely by receiv- 
ing an image of that swollen portion and then carrying 
out image processing of that received image. Because 
X-ray transmission amount of the swollen portion is dif- 
ferent from that of the flat portion, it is possible to carry 
out the same reading by receiving the transmission 
lights and comparing the X-ray transmission amounts. 
[0039] To achieve the above object, according to a 
first aspect of the present invention, there is provided a 
dot mark reading apparatus, wherein an electromag- 
netic wave is projected to a dot mark formation surface 
and reflected waves or transmission waves are received 
by a wave receiver so as to read the dot marks by carry- 
ing out image processing of image information sent 
from the wave receiver, at least a part of the dot mark 
has a protruded portion which is protruded from the dot 
mark formation surface, the dot mark reading apparatus 
comprising: an electromagnetic wave projection system 
for projecting the electromagnetic wave obliquely from 
above or from just above to the dot mark formation sur- 
face; a wave receiver for receiving scattered wave or 
transmission wave from the dot mark formation surface; 
and an image processing means for carrying out image 
processing of image information from the wave receiver. 
[0040] A first important point of the present inven- 
tion is that part of each dot mark which is an object to 
read has a protrusion which is protruded upward from 
the mark formation surface. A second important point is 
that the scattered light or transmission light of an elec- 
tromagnetic wave projected obliquely from above or 
from just above the electromagnetic wave projection 
surface is received. When the scattered light by ordinary 
light projection is received, the same principle as a case 
where an image is recognized by visually watching is 
applied. Thus, a focal point of the image receiver only 
has to be adjusted to an irradiation surface like an ordi- 
nary video camera and a precision focal point adjust- 
ment may only be made approximately onto the 
irradiation surface unlike the conventional ones. 
Because only the center portion of the mark shines with 
a high brightness due to a peculiar configuration of the 
dot mark, the dot mark can be recognized securely as a 
single bright spot. 

[0041] When the electromagnetic wave is projected 
obliquely from above or from just above the electromag- 
netic wave projection surface to the dot mark formation 
surface of the semiconductor wafer, most of the electro- 



magnetic wave received by the wave receiver disposed 
just above or obliquely above the dot mark of the semi- 
conductor wafer are mainly scattered waves at the pro- 
truded portion of the dot mark, because the surrounding 

5 of the dot mark is subjected to mirror processing. Con- 
sequently, light projected to most of the peripheral face 
of the protruded portion and a smooth surface around 
the mark become a regularly reflected light and does 
not enter the wave receiver. Therefore, the electromag- 

w netic wave image received by the wave receiver is con- 
centrated to a point in the center of the dot mark. 
[0042] This is different from the dot mark composed 
of a conventional hole configuration as shown in FIG. 7, 
in which when an optical image is formed by reflected 

15 light of irradiation light parallel to each other, the center 
portion is dark and the surrounding is slightly bright in a 
shape of a ring while a further outside portion becomes 
brighter, such that the brightness changes continuously. 
That is, as shown in FIGS. 5 and 6, the dot mark can be 

20 recognized with a highly bright spot concentrated to a 
point in the center of the mark. Thus, not only the visibil- 
ity is improved but also the gap between the dot marks 
can be reduced as compared to the conventional ones. 
Consequently, the number of the dots or information 

25 amount can be largely increased despite the marking 
region of the same area as the conventional ones. 
[0043] Further, according to the first aspect of the 
present invention, there is provided a dot mark reading, 
wherein the image processing means has a recognition 

30 section for recognizing the scattered wave or transmis- 
sion wave from the protruded portion of the dot mark as 
dot information of a minimum unit. 
[0044] For example, according to a conventional dot 
mark reading method using a CCD camera, the CCD 

35 camera receives light in a circular shape having a differ- 
ence of intensity or whose part is discontinuous circular, 
and then arithmetic operation based on an empirical 
rule is carried out so as to recognize it as a single dot 
mark. On the contrary, the recognition section of the 

40 image processing means of the present invention rec- 
ognizes directly a high brightness portion having a dif- 
ference in brightness as a dot mark composed of 
minimum information unit without carrying out compli- 
cated arithmetic operation like the conventional image 

45 processing. Thus, it is only necessary to convert a posi- 
tion in which the CCD camera receives light of high 
brightness corresponding to the dot mark and a position 
in which it receives light of high brightness correspond- 
ing to an adjacent dot mark as information. Thus, it is 

so not necessary to set up a shape of the dot mark prelim- 
inarily and recognize the set shape as a dot mark 
through the complicated arithmetic operation. 
[0045] Furthermore, according to the first aspect of 
the present invention, there is provided a dot mark read- 

55 ing apparatus, wherein the electromagnetic wave pro- 
jected to the dot mark formation surface is incoherent 
light. If incoherent light is employed, an entire irradiation 
surface is irradiated to an entire surface of the irradia- 



6 



11 



EP 1 073 097 A2 



12 



tion surface with averaged light with directivity so that 
the shade of the dot mark is generated less than a case 
where coherent light is employed. Further, according to 
the present invention, the coherent light may be 
employed and particularly when the dot mark is irradi- 
ated just from above, the coherent light has more 
advantage. 

[0046] Still further, according to the first aspect of 
the present invention, there is provided a dot mark read- 
ing apparatus, wherein the dot mark is formed on a 
peripheral face or an inner face of a notch portion of a 
semiconductor wafer, the dot mark reading apparatus 
further comprising: a wafer cassette which contains a 
plurality of the semiconductor wafers each having part 
of the peripheral face exposed; a stage containing the 
cassette placed horizontally, the stage being moved in 
X-axis, Y-axis and Z-axis directions and rotated around 
its vertical axis; and the electromagnetic wave projec- 
tion system and the wave receiver disposed on the 
peripheral face of the cassette so as to oppose an 
exposed peripheral face of one of the plurality of the 
semiconductor wafers accommodated in the cassette. 
[0047] This structure concerns the most advanta- 
geous and efficient dot mark reading apparatus of the 
present invention, which enables reading, which was 
impossible in the conventional dot mark reading appara- 
tus of this kind. The dot mark which is a reading object 
of the present invention as described above enables 
writing and reading of the dot marks having sufficient 
information amount in a narrow region which could not 
be expected. According to the present invention, the dot 
mark is formed on the peripheral face of the semicon- 
ductor wafer, particularly on an inner face of a notch 
portion formed in the peripheral face. Because usually, 
the front and rear sides of the notch portion are cham- 
fered, the dot mark is formed in the chamfered portion 
and a central portion between the front and rear cham- 
fered portions respectively. 

[0048] A plurality of the semiconductors having the 
dot marks in the notch portions are accommodated in 
parallel to each other in a dedicated cassette with a pre- 
determined gap. The notch portions are exposed from 
the cassette. The cassette containing the plurality of the 
semiconductor wafers is fixedly placed horizontally at a 
predetermined position on the stage such that the 
respective wafers are horizontal. The stage can be 
moved in X-axis, Y-axis and Z-axis and rotated with 
respect to its vertical axis. The cassette can be moved 
in three dimensional directions and rotated with respect 
to an axis passing through a center of the wafer. An irra- 
diation optical system and an image receiver are dis- 
posed on the peripheral portion of an installation space 
of the cassette so as to oppose one of the plural semi- 
conductor wafers accommodated in the cassette. 
[0049] According to a second aspect of the present 
invention, there is provided a dot mark reading method 
for reading the dot mark effectively by means of a device 
having the above-described structure. 



[0050] According to the second aspect of the 
present invention, there is provided a dot mark reading 
method, wherein an electromagnetic wave is projected 
to a dot mark formation surface and reflected wave or 
5 transmission wave thereof are received by a wave 
receiver so as to read a dot mark by carrying out image 
processing of images sent from the wave receiver, the 
dot mark reading method comprising steps of: forming 
the dot mark having a protrusion which is protruded 
w upward from the dot mark formation surface; setting the 
dot mark formation surface on which the dot mark is 
formed at a mark reading position; irradiating the elec- 
tromagnetic wave on the formation surface through an 
electromagnetic wave projection system; receiving a 
75 scattered wave or transmission wave of the projected 
electromagnetic wave from the electromagnetic wave 
projection surface by means of the wave receiver; and 
carrying out image processing of the electromagnetic 
wave received by the wave receiver as image informa- 
nt? tion. 

[0051 ] According to this method, light is projected to 
the dot mark formation surface and then, the reflected 
light is received by the image receiver and an image 
sent from the image receiver is subjected to image 

25 processing so as to read the dot mark. The mark forma- 
tion surface of the semiconductor wafer including a dot 
mark whose center portion is swollen is irradiated with 
light projected obliquely from above or from just above 
through an irradiation optical system. At this time, the 

30 irradiation light is desired to be not parallel light but light 
near natural light and irradiates the irradiation surface 
having a predetermined area all at once. 
[0052] A portion around the dot mark swollen from 
the surface of the light irradiation surface irradiated with 

35 light is usually subjected to mirror processing. Light inci- 
dent at an angle 6 with respect to the normal is reflected 
at the same angle 9. On the other hand, most light inci- 
dent to the dot mark is scattered in multiple directions. 
Therefore, if light projected obliquely from above or from 

40 just above the irradiation surface is received just above 
the dot mark or obliquely above it, the reflected light 
around the dot mark is not received by the image 
receiver, but part of the scattered light reflected by the 
dot mark surface is received as light flux having a cer- 

45 tain cross sectional area. If this light flux is converged 
through the optical system so as to form an optical 
image, an optical image having a large difference of 
brightness from the surrounding can be obtained. Con- 
sequently, even a minute dot mark can be recognized 

so securely. 

[0053] Further, according to the second aspect of 
the present invention, there is provided a dot mark read- 
ing method further comprising a step of recognizing 
information corresponding to a single one of the dot 
55 mark of the image information as minimum information 
unit. Because the dot mark read according to the 
present invention has a peculiar shape as described 
above, its image information can be distinguished from 
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the surrounding image information clearly. Thus, the 
image information corresponding to the dot mark can be 
recognized directly as a dot mark. Therefore, as 
described above, it is not necessary to memorize a 
model shape for an image obtained from the dot mark 5 
preliminarily in the image processing section or carry 
out arithmetic operation for comparative operation with 
the model shape. 

[0054] Furthermore, according to the second 
aspect of the present invention, there is provided a dot w 
mark reading method, wherein the electromagnetic 
wave to be projected to the dot mark formation surface 
is incoherent light. When the incoherent light is pro- 
jected to the irradiation surface, no interference fringe is 
generated on the image receiving surface. Further, it is 15 
irradiated substantially equally to the irradiation surface 
within a predetermined area regardless of the irradia- 
tion angle. Thus, it is possible to prevent an occurrence 
of shade of the dot mark, so that a clear image can be 
obtained. 20 
[0055] The second aspect of the present invention 
specifies that the dot mark is formed on an inner face of 
the notch portion of the semiconductor wafer or a 
peripheral face of the wafer. The inner face of the notch 
portion or the peripheral face of the semiconductor 25 
wafer is least affected by any of diversified processings 
in the semiconductor manufacturing process as 
described above and is an ideal marking region for 
maintaining the dot mark for a long time. However, when 
it is intended to form the dot marks of desired informa- 30 
tion amount in this region, its shape and size need to be 
minute. If such a shape can be realized, this becomes a 
region in which a larger amount of information than that 
of the conventional dot marks can be written. 
[0056] Further, according to the present invention, 35 
information o f the dot marks can be read without mov- 
ing plural semiconductor wafers more than necessary. 
[0057] That is, the wafer cassette accommodating 
the plural semiconductor wafers with parts of the periph- 
eral faces thereof being exposed is placed horizontally 40 
on a stage which is movable in the X-axis, Y-axis, and Z- 
axis directions and rotated with respect to the vertical 
axis. Then, the electromagnetic wave projection system 
and wave receiver are fixedly disposed so as to face an 
exposed peripheral face of one of the semiconductor 45 
wafers. 

[0058] The electromagnetic wave to be projected to 
the exposed peripheral face of part of the semiconduc- 
tor wafers through the electromagnetic wave projection 
system is projected obliquely from above or from just so 
above the dot mark formation surface. On the other 
hand, the wave receiver is installed so as to be capable 
of receiving the scattered light from just above or 
obliquely from above the electromagnetic wave projec- 
tion surface. That is, the electromagnetic wave received 55 
by the wave receiver is not a reflection wave reflected at 
the same angle as the projection angle, but the scat- 
tered light arriving from the surrounding. Therefore, the 



incident angle at this time is not coincident with a light 
receiving angle with respect to the normal at an incident 
point. When receiving transmission light such as X-ray, 
the wave receiver is located on the electromagnetic 
wave projection axis and disposed on a back of the 
exposed peripheral faces of part of the semiconductor 
wafers. 

[0059] If the dot mark on a single semiconductor 
wafer within the wafer cassette placed horizontally on 
the above stage whose peripheral face is partially 
exposed is read out, the stage is moved in the X-axis, Y- 
axis and Z-axis directions and rotated with respect to its 
vertical axis. Consequently, the semiconductor wafer is 
located accurately at a reading position (a peripheral 
face or an inner face of the notch portion of the wafer) 
which is an object for the next reading. Then, the scat- 
tered wave or transmission wave of an electromagnetic 
wave projected from the electromagnetic wave projec- 
tion system is received and its image information is sub- 
jected to image processing so as to read out the dot 
marks. 

[0060] Still further, according to the second aspect 
of the present invention, there is provided a dot mark 
reading method, wherein a maximum width of the dot 
mark is 1 to 15 ^im. This is the limit size that can secure 
the visibility and the size necessary for forming dot 
marks having a predetermined information amount in a 
narrow marking region. Such a minute dot mark is not 
restricted by the size of the dot mark formation region 
but enables writing of predetermined information. As a 
result, selection of information is increased extremely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] 

FIG. 1 is an explanatory diagram schematically 
showing a typical laser marking apparatus for form- 
ing a dot mark whose center is protruded, and 
which is applied to the reading method of the 
present invention. 

FIG. 2 is an explanatory diagram showing an exam- 
ple of arrangement of characters and 2D codes of 
the dot marks formed in a scribe line of the semi- 
conductor wafer. 

FIGS. 3A to 3C are an example showing schemati- 
cally a dot mark whose center is protruded and 
explanatory diagrams showing a characteristic of a 
light reflected on the dot mark and optical intensity 
distribution thereof. 

FIGS. 4A to 4C are an example schematically 
showing a dot mark whose center portion is a con- 
cave hole and whose surrounding is swollen like a 
ring and explanatory diagrams showing a charac- 
teristic of light reflected on the dot mark and optical 
intensity distribution thereof. 
FIGS. 5A and 5B are an observatory sectional view 
and a three-dimensional view by AFM showing a 
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typical minute dot mark whose center is protruded. 
FIGS. 6A and 6B are an observatory sectional view 
and a three-dimensional view by AFM indicating 
another typical other minute dot mark whose center 
is protruded. 

FIGS. 7A and 7B are an observatory sectional view 
and a three-dimensional view by AFM showing a 
dot mark of a conventional hole configuration 
whose center is protruded. 

FIG. 8 is a plan view schematically showing an 
arrangement of the dot marks whose center por- 
tions are protruded read from their upper surfaces 
according to the present invention. 
FIG. 9 is a plan view schematically showing an 
arrangement of the dot marks whose center por- 
tions are concave holes read from above according 
to the present invention. 

FIG. 10 is an explanatory diagram schematically 
showing a structure of a typical dot mark reading 
apparatus of the present invention. 
FIG. 11 is an explanatory diagram showing a proce- 
dure for reading the dot marks by the reading appa- 
ratus. 

FIG. 12 is a three-dimensional view when observ- 
ing an arrangement of the minute dot marks whose 
center portions are protruded by means of the 
AFM. 

FIG. 13 is a sectional view of FIG. 12. 
FIG. 14 is a sectional view schematically showing 
an example of another reading mechanism for the 
dot mark which is partly protruded and which con- 
tains a focal point internally, applicable to the 
present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0062] First, a typical laser marking apparatus that 
produces minute dot marks according to embodiment of 
the present invention will be described in detail with ref- 
erence to the accompanying drawings. Of course, the 
present invention can be applied to not only minute a 
dot mark but also a dot mark of an ordinary size. In this 
embodiment, incoherent beam is used as an irradiation 
electromagnetic wave to be projected to a dot mark for- 
mation surface. 

[0063] FIG. 1 is an explanatory diagram schemati- 
cally showing a laser marking apparatus for forming a 
minute dot mark of 1 to 15 urn 

[0064] In that figure, reference numeral 2 denotes a 
laser oscillator, reference numeral 3 denotes a beam 
homogenizer, reference numeral 4 denotes a liquid 
crystal mask, reference numeral 5 denotes a beam pro- 
file converter, reference numeral 6 denotes a image-for- 
mation lens unit, and reference symbol W denotes a 
semiconductor wafer. The semiconductor wafer W men- 
tioned in this specification generally refers to not only a 
silicone wafer but also a wafer having oxide film or 
nitride film formed on its surface, epitaxial-growth semi- 



conductor wafer, semiconductor wafers having film 
formed of gallium arsenate, indium phosphorous com- 
pound or the like. 

[0065] In dot marking on a surface of the semicon- 

5 ductor wafer using the laser marking apparatus 1 of this 
embodiment, a laser beam having a Gaussian energy 
density distribution emitted from the laser oscillator 2 is 
homogenized by the beam homogenizer 3 to that hav- 
ing a top-hat shaped energy density distribution whose 

w peak values are almost the same. The surface of the liq- 
uid crystal mask 4 is irradiated with the laser beam hav- 
ing the energy density distribution homogenized as 
mentioned above. As widely known, a required marking 
pattern can be displayed on the liquid crystal mask 4. 

15 The laser beam passes through a pixel portion which is 
in a light transmittable state in a display region of the 
pattern. The energy density distribution of each trans- 
mitted light split on the pixel unit basis has the same 
shape as that homogenized by the beam homogenizer 

20 3 and is uniform. 

[0066] An optical component for allowing a laser 
beam having, for example, a Gaussian energy density 
distribution to have a shape of a homogenized energy 
density distribution is generically called the beam 

25 homogenizer 3. For example, there is an optical compo- 
nent of a system for irradiating the surface of an entire 
mask by using fly's eye lens, binary optics, or cylindrical 
lens or scanning the surface of a mask by performing a 
mirror operation by an actuator such as a polygon mirror 

30 or a mirror scanner. 

[0067] The area irradiated per time in the liquid 
crystal mask 4 is equal to the number of dots of 1 0 x 1 1 . 
All of the dots are irradiated with a laser beam at a time. 
Since such number of dots is not often enough for nec- 

35 essary dots, the mark pattern may be divided into a plu- 
rality of sections and the liquid crystal mask is allowed 
to sequentially display the sections. By switching and 
combining the sections, the whole mark pattern may be 
formed on the wafer surface. In this case, in order to 

40 form an image on the surface of the wafer, it is naturally 
necessary to move the wafer or the irradiation position. 
As such a moving method, various methods which are 
conventionally known can be used. 
[0068] In the embodiment, the beam profile con- 

45 verier 5 is irradiated with the laser beam on the dot unit 
basis, which has passed through the liquid crystal mask 
4. In the beam profile converter 5, optical components 
are arranged similarly in a matrix in correspondence 
with the liquid crystals arranged in a matrix of the liquid 

so crystal mask 4. Therefore, laser beam passed through 
the liquid crystal mask 4 goes through the beam profile 
converter 5 on the pixel unit basis in a one-to-one corre- 
sponding manner, and the laser beam having the 
energy density distribution previously homogenized by 

55 the beam homogenizer 3 is converted into a laser beam 
having an energy density distribution necessary to form 
a minute dot mark shape peculiar to the invention. 
Although the energy density distribution of the laser 
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beam passed through the liquid crystal mask 4 is con- 
verted into the required energy density distribution by 
allowing the laser beam having passed through the liq- 
uid crystal mask 4 to further pass through the beam pro- 
file converter 5 in the embodiment, there is also a case 5 
where the laser beam is directly led to the lens unit 6 
without converting the profile of the energy density dis- 
tribution by the beam profile converter 5. 
[0069] The laser beam passed through the beam 
profile converter 5 is condensed to a predetermined 10 
position on the surface of the semiconductor wafer W by 
the lens unit 6, thereby performing the necessary dot 
marking onto the surface. In the embodiment, the maxi- 
mum length of each pixel in the liquid crystal which is 50 
to 2,000 jLim is reduced to 1 to 15 jim on the surface of 15 
the semiconductor wafer W by the lens unit 6. In case of 
uniformly forming a dot mark of a micron unit onto the 
surfaces of a plurality of wafers, it is necessary to adjust 
the distance between the marking surface and a con- 
densing lens and the optical axis on the micron unit. 20 
According to the embodiment, the focal point is 
detected by measuring the height in accordance with a 
confocal method which is generally used in a laser 
microscope or the like, the obtained value is fed back to 
a fine positioning mechanism in the vertical direction of 25 
the lens, and the focal point is positioned automatically. 
A generally known method is adopted for the optical 
axis adjustment and the positioning and adjustment of 
optical components. For example, the adjustment is 
performed by a screw adjusting mechanism for match- 30 
ing an object to a preset reference spot by using guide 
light of an He-Ne laser or the like. It is sufficient to carry 
out the adjustment only once at the time of assembly. 
[0070] The maximum length of the minute dot mark 
on the marking surface according to the invention is 35 
therefore within the dimensional range from 1.0 to 15.0 
um. The protrusion/recess dimension is set to 0.01 to 5 
um in consideration of a case where the peripheral por- 
tion of the protrusion is slightly recessed. In order to 
form the dot mark having such a dimension, the length 40 
of one side of each dot in the liquid crystal mask 4 has 
to be 50 to 2,000 um so as not to disturb a mark forma- 
tion at the irradiation point on the surface of the semi- 
conductor wafer W due to the limitation of the resolution 
of the condensing lens unit or the like. Further, when the 45 
interval between the beam profile converter 5 and the 
liquid crystal mask 4 is too large or too small, due to an 
influence of peripheral rays or an influence of instability 
of the optical axis, a mark formed on the surface of the 
semiconductor wafer tends to be disturbed. Therefore, 50 
in the embodiment, therefore, it is necessary to set the 
interval X between the beam profile converter 5 and the 
liquid crystal mask 4 to a value which is 0 to 1 0 times as 
long as the maximum length Y of each pixel in the liquid 
crystal mask 4. By setting the interval within such range, 55 
an image formed on the wafer surface becomes clear. 
[0071] The beam profile converter 5 is an optical 
component for converting the energy density distribu- 



tion homogenized by the beam homogenizer 3 into an 
optimum energy density distribution so as to obtain a 
dot shape peculiar to the invention. For example, by 
optionally varying a diffracting phenomenon, a refract- 
ing phenomenon, or a light transmittance at a laser irra- 
diated point, the profile of the energy density distribution 
of an incident laser beam is converted into an arbitrary 
one. As the optical component, for instance, a diffraction 
optical element, a holographic optical element, a convex 
microlens array, or a liquid crystal itself can be used. 
Such elements or the like are arranged in a matrix and 
used as the beam profile converter 5. 
[0072] The laser beam passed through the beam 
profile converter 5 is condensed by the image-formation 
lens unit 6 and then projected to an inner face of a notch 
portion of the semiconductor wafer W so that a neces- 
sary dot marking is carried out on that inner face. Con- 
ventionally, this kind of the dot marking is carried out on 
the surface of a peripheral portion or a back surface of 
the semiconductor wafer W as described above. In case 
of marking on such portions, because film thickness 
control on the peripheral portion of the wafer is difficult, 
film (specifically for metal series) is accumulated on the 
dot mark little by little each time when CMP processing 
is carried out, for example if etching is insufficient, 
thereby disabling reading of the dot. Alternatively, the 
film is to be removed completely, the wafer surface 
tends to be scraped out so that the dot mark depth is 
decreased thereby making it impossible to read the dot. 
Such an accident is fatal for a minute dot mark of micron 
unit. 

[0073] In this respect, in the notch portion, scribe 
line and the peripheral face of the semiconductor wafer, 
not only the above mentioned peripheral face of the 
wafer can be avoided, but also processing such as film 
formation processing and film removal processing, 
which affects the visibility is not carried out positively. 
Thus, it is desirable that the dot marking is performed in 
an inner face of the notch portion, peripheral face of the 
wafer or surface of the scribe line. However, according 
to the conventional dot size, formation of a desired 
number of dots in these marking region is impossible. 
Thus, the aforementioned minute dot marking in micron 
unit is required. 

[0074] In order to form such marking in the micron 
unit uniformly in the wafer surface, it is necessary to 
adjust a distance between the marking face and a con- 
densing lens and an optical axis by unit of micron. 
According to this embodiment, a focal point is detected 
by measuring the height based on confocal method 
generally used in a laser microscope and the measured 
height of the focal point is fed back to a mechanism for 
determining a minute positioning in a vertical direction 
of the lens, so that the focal point is automatically posi- 
tioned. For adjustment of optical axis and positioning 
and adjustment of optical components, a generally 
known method is applied, for example, a screw adjust- 
ing mechanism is used to adjust to a preset reference 
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spot using a guide beam such as He-Ne laser. This 
adjustment has only to be carried out once during its 
assembling. 

[0075] On the other hand, it has been apparent that 
the size of each dot of the dot mark depends on the s 
wave length of a processing light source. Generally, it 
can be expressed that resolution of patterning is 
k1 • X/NA and processing focal point depth (width of a 
distance in a focal point direction allowing processing) is 
k1 -X/(NA) 2 : w 
where k is a process factor (proportionality factor), X is 
wave length of light source and NA is an emission angle 
to the work surface. 

[0076] It can be considered that in order to reduce 
the resolution for patterning, the wave length of the light 15 
source is reduced or the emission angle to a work is 
increased. However, the emission angle to the work sur- 
face is restricted to a certain value due to a relation with 
the focal depth. Therefore, it is desirable to use a laser 
beam having a short wave length in this invention. 20 
[0077] Although conventionally, a basic wave of 
YAG laser (wave length: 1064 nm) is often used as a 
marking light source for the wafer, according to this 
embodiment, a laser beam source of twofold wave 
(wave length: 532 nm) or threefold wave (355 nm) rela- 25 
tive to the YAG laser or a wave length in accordance 
with such wave length region is used. 
[0078] If the minute dot marking is achieved in this 
manner, the focal depth is decreased correspondingly. 
On the other hand, marking on the semiconductor wafer 30 
surface is affected by an error in thickness of the wafer, 
warp or swelling of the wafer itself or positioning accu- 
racy in the wafer handling. Therefore, the focal depth is 
affected largely. As a result, an automatic focal point 
determining means for automatically detecting and 35 
determining the focal point is absolutely necessary. As a 
detecting means for the focal point, the detection 
method based on the above mentioned general confo- 
cal microscope or triangulation measuring method can 
be used. In consideration of downsizing of the appara- 40 
tus and measuring accuracy, it is preferable to use a tri- 
angulation measuring method. The aforementioned 
automatic positioning function is realized by carrying out 
a minute positioning based on feed back signals by 
means of the focal point detecting means. 45 
[0079] The beam profile converter 5 is an optical 
component for converting the energy density distribu- 
tion homogenized by the beam homogenizer 3 into an 
optimum energy density distribution so as to obtain a 
dot shape. For example, by arbitrarily varying a diffract- 50 
ing phenomenon, a refracting phenomenon or a light 
transmittance at a laser irradiated point, the profile of 
the energy density distribution of an incident laser beam 
is converted into an arbitrary dot mark shape. 
[0080] FIG. 2 shows an example of arrangement of 55 
single dot characters and 2D code marks formed on a 
scribe line of the semiconductor wafer W by the minute 
dot marks. This example indicates that the wave length 



of green laser of the laser beam is set to a green region, 
an expansion of the beam is set to less than 0.5 mrad 
and the pulse count is set to less than 100 ns. A diame- 
ter D of a dot mark formed on the scribe line is 5 urn. 
[0081] On the other hand, although a scribe line SL 
is determined depending on the thickness of a dicing 
machine, it is currently considered that 50 to 60 um is a 
limit. Then, according to this embodiment, assuming 
that the width of the scribe line SL is 50 um which is a 
lower limit, a vertical length L1 and a lateral dimension 
L2 were set to 40 um and 160 um respectively, so that 8 
x 32 dots can be formed in that region. Then, the 2D 
code mark is formed. Up to 1 3 alphanumeric characters 
can be registered by this 2D code. Further, 5x7 single 
dot marks are formed adjacent the aforementioned 2D 
code mark. 

[0082] It is preferable that the dot mark to be formed 
on the dot mark formation surface according to the 
present invention has such a configuration that when 
coherent light or incoherent light or infrared ray is pro- 
jected to the surface of the dot mark, a light reflected by 
that mark portion is scattered at its top. The dot mark 
having such a configuration is desired to be formed by 
the aforementioned laser marking apparatus and to be 
protruded upward from the dot mark formation surface. 
[0083] FIGS. 3A-3C and 4A-4C schematically, show 
a configuration of a dot mark whose center portion is 
swollen upward and which is preferable in the present 
invention, and a configuration of a conventionally gen- 
eral dot mark which has a hole in the center thereof 
while its peripheral portion is swollen upward to be a 
ring like shape. These figures also show images taken 
by an image receiver installed just above an irradiated 
face when these dot marks are irradiated with beam 
similar to natural light projected obliquely from above 
the dot marks. From a configuration of the reflected sur- 
face of the dot mark shown in the figures, it can be 
understood as follows. That is, as for the configuration 
of the dot mark shown in FIG. 3B in which the reflected 
light is swollen largely in the center thereof, the entire 
swollen portion is taken as a reflected light having a 
high optical intensity as shown in FIG. 3C, so that an 
image having a very high brightness in the center as 
shown in FIG. 3A can be obtained. In case of the config- 
uration of the conventional dot mark shown in FIG. 4B in 
which the center thereof is dented while the peripheral 
portion is swollen in a ring like shape, a reflected light of 
light projected obliquely from above forms a portion hav- 
ing a slightly higher optical intensity in the ring like 
shape and a bright portion outside thereof as shown in 
FIG. 4C. According to an optical image taken by the 
image receiver installed just above based on the scat- 
tered light, as shown in FIG. 4A, the center portion is the 
darkest and a bright portion expands from a ring-like 
brightness portion around that center portion to a 
brighter portion continuously. 

[0084] A dot mark formed actually by the above 
mentioned laser oscillator is compared to an optical 
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image received by the mark reading apparatus of the 
present invention shown in FIG. 10. FIGS. 5 and 6 show 
optical images taken by photographing a minute dot 
mark, whose center portion is swollen, obliquely from 
above, which is applied to the present invention. FIG. 7 5 
shows an optical image taken with respect to a conven- 
tional minute dot mark whose center portion is dented 
while having a ring-like swollen portion therearound. 
[0085] It can be understood that a large difference 
occurs in clearness of the optical image depending on w 
the configuration of the dot mark from these images. 
That is, the dot mark according to the present invention 
as shown in FIGS. 5 and 6 has an excellent visibility 
because the center portion is bright with a very high 
luminance, having a clear difference in brightness from 15 
the surrounding portions. Although the dot mark com- 
posed of the conventional hole configuration shown in 
FIG. 7 is more than four times as large as that of the 
present invention, the difference in luminance between 
the ring-like bright portion, the center portion and the 20 
surrounding portion is so small that the visibility is low. 
[0086] In case where the photographed single dot 
mark image is processed as information of minimum 
unit, if the dot mark is a conventional one composed of 
such hole configuration, this a difference of luminance is 25 
recognized by comparing the dot mark to a model dot 
mark image stored in an image processing section 
through complicated arithmetic processing. In case of 
the dot mark image according to the present invention, 
a dot mark formation position can be specified by recog- 30 
nizing its single-point luminous region through only sim- 
ple arithmetic processing, without a special arithmetic. 
[0087] That is, according to the conventional dot 
mark reading, the dot mark, which is a minimum unit of 
information, is specified through complicated image 35 
processing such as production of a model image based 
on a photographed image, specification of information 
of photographed image by arithmetic operation and 
comparative arithmetic operation between the model 
image and specified configuration of photographed 40 
image. Thus, the conventional dot marks having small 
difference in luminance often cannot be read accurately. 
However, a single dot mark is a minimum unit which is 
to be processed to information by recognizing an 
arrangement position of plural dot marks and its config- 45 
uration does not always have to be recognized. 
[0088] In this respect, the dot mark according to this 
embodiment of the present invention is clearly distin- 
guished because a difference of luminance and a differ- 
ence of shade are concentrated to one point when it is so 
read. Therefore, only through a simple image process- 
ing of only reading its luminance, a dot mark formation 
position which is minimum unit of information can be 
recognized accurately and easily. 

[0089] FIGS. 8 and 9 schematically show an optica! 55 
image read by a reading apparatus of this embodiment 
in case where the dot marks are indicated as character 
information. As understood from these figures, the dot 



mark whose center portion is protruded is easy to rec- 
ognize because the center portion has a very high lumi- 
nance relative to the surrounding portions even if the 
high luminous point is slight. However, in the conven- 
tional dot mark composed of mainly a hole configura- 
tion, a difference in luminance (difference of brightness) 
between the center portion and the peripheral portion is 
small and further, the dot mark position is very difficult to 
recognize with only a dark portion in its center. Because 
of such a difference between the two, in case of the dot 
mark whose center portion is swollen, its visibility is not 
affected even if a gap between adjacent dot marks is 
reduced relative to the conventional example. However, 
in case of the dot mark whose center portion is dented, 
unless the gap between the adjacent dot marks is set 
larger than a predetermined size, its visibility is not 
secured. An influence by film formation and film removal 
upon the dot mark is severe so that the visibility is fur- 
ther reduced. 

[0090] Next, a typical example of a reading appara- 
tus and reading method of the present invention, which 
is preferable for the dot mark having a minute configura- 
tion whose center portion is swollen, will be described in 
detail. 

[0091 ] FIG. 1 0 shows a schematic structure of a dot 
mark reading apparatus which is most efficient accord- 
ing to the present invention. Reference numeral 11 
denotes a storage cassette for accommodating semi- 
conductor wafers W. A plurality of the semiconductor 
wafers W are accommodated in parallel to each other 
with a predetermined gap, which is as well known. 
[0092] Reference numeral 12 denotes a stage for 
positioning and fixing the aforementioned cassette 1 1 . 
On the same stage 12, the cassette 11 is placed hori- 
zontally and fixed such that the wafers W accommo- 
dated therein are horizontal. The stage 12 can be 
moved in three directions, right/left direction (X-axis 
direction), back/forth direction (Y-axis direction) and ver- 
tical direction (Z-axis direction) by controlling. Further, it 
can be rotated around the Z-axis by controlling. These 
control operations are carried out by driving a motor 
driver section 16 through a stage control section 15 
based on signals from a main control section 14 con- 
nected to an image processing section 13. 
[0093] On the other hand, an irradiation light source 
(irradiation optical system) 17 and a CCD camera 
(image receiver) 18 are fixed at a predetermined posi- 
tion so as to be directed to one point on the peripheral 
face of an arbitrary wafer W of the plural semiconductor 
wafers W accommodated in the cassette 11. Adjust- 
ment of the irradiation amount of the irradiation light 
source 17 is carried out by controlling a irradiation light 
source 20 based on signals from an irradiation control 
section 19 of the image processing section 13. A focal 
point of the CCD camera 18 is controlled by a camera 
control section 22 by receiving signals from an image 
input section 21 of the image processing section 13. 
[0094] According to this embodiment, an optical 
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axis of the camera 18 is directed perpendicular to an 
inner face of the notch portion which is an irradiation 
surface and the irradiation light source 17 is disposed 
obliquely above at a predetermined angle with respect 
to an intersection between the optical axis of the cam- 5 
era 18 and the inner face of the notch portion. A relation 
between the camera 18 and the irradiation light source 

17 may be inverted. According to the present invention, 
the light emitted from the irradiation light source 17 is 
desired to be incoherent light that is similar to natural w 
light rather than coherent light as described above. 
However, it may be coherent light. In this embodiment, 

the camera 1 8 does not receive reflected light parallel 
having an even directivity but irregularly reflected lights 
in a predetermined region, which are irregularly 15 
reflected by the irradiation surface. 
[0095] Such a relation between the irradiation and 
light reception does not require a strict positioning accu- 
racy with regard to dispositions of the irradiation light 
source 17 and camera 18 so that it is advantageous 20 
because various dispositions can be set up. Further, 
when comparing the dot mark having the above men- 
tioned protrusion in the notch portion of the semicon- 
ductor wafer W with the irradiation surface therearound, 
most of the irregularly reflected light received by the 25 
camera 18 is reflected by the surface of the dot mark. If 
this irregularly reflected light is received through a con- 
densing lens (not shown), a difference in brightness 
between the center portion of the dot mark and the sur- 
rounding thereof increases so that the dot mark can be 30 
recognized securely. 

[0096] FIG. 11 shows a procedure for reading the 
dot marks by the device of this embodiment. When the 
irradiation power source 20 is turned on so that the irra- 
diation light source 17 is lit, a region (the inner face of 35 
the notch portion) in which the dot mark is written is 
detected and the cassette 1 1 placed on the stage 12 is 
positioned. This positioning is achieved by moving the 
stage 12 in three directions, right/left direction (X-axis 
direction), back/forth direction (Y-axis direction) and ver- 40 
tical direction (Z-axis direction) and then rotated around 
the Z-axis by controlling and driving the motor driver 
section 16. After this positioning is finished, the camera 

1 8 is operated so as to read the image of the dot marks. 
The image information is subjected to digital image 45 
processing so as to recognize the content of informa- 
tion. If the content of information is not recognized or the 
read image is unclear, the reading region of the notch 
inner face is detected again and the above mentioned 
operation is repeated. so 
[0097] When reading of the dot marks written into a 
single semiconductor wafer is finished, the stage 12 is 
moved vertically and the cassette 1 1 is moved up to 
have a surface reading region of a semiconductor wafer 

W to be read next opposed to the irradiation light source 55 
17 and the camera 18. By repeating the above opera- 
tions, the dot marks written in the notch portion of all the 
semiconductor wafers W accommodated in the cassette 



1 1 are read out. 

[0098] FIGS. 1 2 and 1 3 show a 3-dimensional view 
of arrangement and configurations of the minute dot 
marks whose center portions are protruded, observed 
by means of the AFM and a sectional view thereof. 
[0099] According to these figures, each dot mark 
formed on an inner face of a notch portion of a semicon- 
ductor wafer W is a square of 3.6 urn, a height thereof is 

0. 33 um and a gap between respective dots is 4.5 jam. 
Substantially conic dot marks of respective laser beams 
that have been divided in correspondence with each 
pixel of the liquid crystal mask 4 are formed on the inner 
face of the notch portion of the semiconductor wafer W. 
Further, 11x10 dot marks are arranged neatly and the 
heights thereof are substantially equal. This is because 
the energy distribution of the laser beam irradiated to 
the liquid crystal mask 4 is homogenized uniformly by 
the beam homogenizer 3. 

[0100] As described above, light is projected to the 
dot marks, each of which is partially protruded from the 
marking face, and the scattered light by the protrusion is 
photographed by the CCD camera. If the protruding 
shape of the dot mark is a convex shape having a focal 
point O' internally, the scattered light is recognized as 
light scattered radially around the focal point O'. Thus, if 
the focal point of the CCD camera is set to the focal 
point O' in the dot mark, the optical image is photo- 
graphed as a point having a very high brightness 
formed as a result of convergence of the scattered light 
likewise the above-described optical image. 
[0101] As understood from FIG. 12, in the dot mark 
whose center portion is protruded having a typical dot 
configuration of the present invention, a top of the dot 
mark shines with a much higher brightness than the sur- 
rounding portion thereof despite its small height with 
respect to the diameter of the mark, so that the visibility 
is secured sufficiently. The above description is related 
to typical embodiments of the present invention and the 
same operation and effect of the present invention can 
be expected in photographing with X-ray or infrared ray 
camera as well as ordinary visible light. Further, the dot 
mark formation method should not be restricted to the 
above described embodiments. 

Claims 

1 . A dot mark reading apparatus, being characterized 
in that an electromagnetic wave is projected to a dot 
mark formation surface and its reflected wave or 
transmission wave is received by a wave receiver 
so as to read a dot mark by carrying out image 
processing of images sent from said wave receiver, 

at least part of said dot mark has a protruded 
portion which is protruded from said dot mark 
formation surface, 

said dot mark reading apparatus including: 
an electromagnetic wave projection system for 
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projecting said electromagnetic wave obliquely 
from above or from just above to said dot mark; 
the wave receiver for receiving scattered wave 
or transmission wave from said dot mark for- 
mation surface; and 5 
an image processing means for carrying out 
image processing of image information from 
said wave receiver. 

2. A dot mark reading apparatus according to claim 1 , w 
being characterized in that said image processing 
means has a recognition section for recognizing the 
scattered wave or transmission wave from said pro- 
truded portion of said dot mark as dot information of 

a minimum unit. 15 

3. A dot mark reading apparatus according to claim 1 
or 2, being characterized in that said electromag- 
netic wave is incoherent light. 

20 

4. A dot mark reading apparatus according to any of 
claims 1 to 3, being characterized in that said dot 
mark is formed on a peripheral face or an inner face 
of a notch portion of s semiconductor wafer (W), 

25 

said dot mark, reading apparatus further 
including: 

a wafer cassette (11) which contains a plurality 
of said semiconductor wafers (W) each having 
part of the peripheral face exposed; 30 
a stage (12) containing the cassette (11) 
placed horizontally, said stage (12) being 
moved in X-axis, Y-axis and Z-axis directions 
and rotated around its vertical axis; and 
said electromagnetic wave projection system 35 
and said wave receiver disposed in a periphery 
of said cassette (11) so as to oppose an 
exposed peripheral face of one of the plurality 
of the semiconductor wafers (W) accommo- 
dated in said cassette (11). ao 

5. A dot mark reading method, being characterized in 
that an electromagnetic wave is projected to a dot 
mark formation surface and reflected wave or trans- 
mission wave thereof are received by a wave 45 
receiver so as to read a dot mark by carrying out 
image processing of images sent from said wave 
receiver, 



wave of said projected electromagnetic wave 
from said electromagnetic wave projection sur- 
face by means of the wave receiver: and 
carrying out image processing of the electro- 
magnetic wave received by said wave receiver 
as image information. 

6. A dot mark reading method according to claim 5 
further including a step of recognizing information 
corresponding to a single one of said dot mark of 
said image information as minimum information 
unit. 

7. A dot mark reading method according to claim 5 or 
6, being characterized in that the electromagnetic 
wave to be projected to said dot mark formation sur- 
face is incoherent light. 

8. A dot mark reading method according to any of 
claims 5 to 7, being characterized in that a maxi- 
mum width of said dot mark is 1 to 15 |im. 
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at least part of said dot mark has a protruded 50 
portion which is protruded from said dot mark 
formation surface, 

said dot mark reading method including steps 
of: 

projecting said electromagnetic wave on said 55 
mark dot formation surface through an electro- 
magnetic wave projecting system; 
receiving a scattered wave or transmission 
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FIG. 3A 

FIG. 3B 
FIG. 3C 
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